M onoclonal Ig deposition disease (MIDD) is a rare type of monoclonal gammopathy that is characterized by a nonamyloid deposition of light chains or heavy chains in various organs, with light chain deposition disease (LCDD) occurring more frequently than heavy chain deposition disease. Rarely there is deposition of both light and heavy chains. MIDD usually occurs in the setting of a plasma cell dyscrasia or a lymphoproliferative disorder, and the kidneys are affected in almost all cases. 1 Other organ involvement including the heart, liver, lungs, and nerves is much less frequent, but has been increasingly recognized as part of this disease. [2] [3] [4] Similar to AL amyloidosis, kidney involvement in MIDD usually manifests as albuminuria >0.5 g in 24 hours and/or decreased kidney function, leading to a high incidence of progression to end-stage renal disease (ESRD) without successful treatment of the underlying hematologic disease. 5, 6 Until 2 decades ago, the options for treatment of MIDD were very limited, and often with poor hematologic response, with a mean overall survival (OS) of 4 to 7.5 years. [7] [8] [9] Recent advances in therapies for plasma cell dyscrasias have led to longer disease-free survival due to sustained hematologic responses, as well as a dramatic improvement in OS to approximately 14 years. 4, 10, 11 Median time from diagnosis to ESRD has been 2.7 to 9 years, depending on the level of kidney dysfunction at presentation. 10 In comparison to AL amyloidosis, both OS and kidney prognosis are better in MIDD because of the lower incidence of extrarenal organ involvement. 10 Historically, patients with AL amyloidosis were not referred for kidney transplantation because of concerns about disease recurrence leading to shorter OS and early graft loss. Given the similarities between AL amyloidosis and MIDD, the same has been true for patients with MIDD. In 1 study from the 1990s, Leung et al. evaluated 7 patients with MIDD who underwent kidney transplantation. The median time from diagnosis to kidney transplantation in this cohort was 6.1 years (range, 4 monthsÀ12.8 years), and 5 of the 7 patients had disease recurrence with OS of 12 years (range, 3.9À19.3 years). After disease recurrence, median graft survival was only 10.9 months. Median graft survival for all 7 patients, including those who died with a functioning allograft, was 3.1 years. 12 We have recently shown that a selected group of AL amyloidosis patients who underwent kidney transplantation had good outcomes with median OS from transplantation of 10.5 years (range, 1À20.4 years) and median graft survival of 8.3 years (range, 4 monthsÀ20.4 years), which were comparable to those in other high-risk populations. 13 Patients with hematologic complete response (CR) or very good partial response (VGPR) before kidney transplantation had significantly better patient survival than patients with partial hematologic response (PR) or no hematologic response (NR).
Given the high incidence of kidney involvement in MIDD and the frequently late diagnosis, many patients still progress to ESRD and would greatly benefit from kidney transplantation. However, data on kidney transplantation outcomes in MIDD are limited. [10] [11] [12] 14 In this study, we report the outcomes of 23 patients with MIDD and renal involvement.
METHODS
A total of 23 patients with MIDD were included in this analysis. All patients were followed up at Boston University Medical Center and/or the Amyloidosis Center at Boston University School of Medicine between January 1989 and December 2018. Of these 23 patients, 6 patients underwent a total of 7 kidney transplantations after advancing to ESRD between the years 1996 to 2017. Data were prospectively collected during follow-up years and analyzed retrospectively. All patients had authorized the use of their medical records for research, and the study was approved by the Boston University Institutional Review Board in accordance with the Declaration of Helsinki and the Health Insurance Portability and Accountability Act guidelines. Clinical and research activities being reported are consistent with the Principles of the Declaration of Istanbul. All patients had renal involvement as evidenced by biopsy-proven monoclonal Ig deposition in their renal parenchyma and were showing typical signs of renal involvement with urine protein (albumin) excretion of >0.5 g/d and/or a decreased estimated glomerular filtration rate (eGFR). The eGFR was estimated using the 4-variable Modification of Diet in Renal Disease (MDRD) equation for patients who were <70 years of age and the Chronic Kidney Disease Epidemiology Collaboration (CKD-EPI) Creatinine Equation for patients >70 years of age. 15 Histological findings were noted from biopsy reports. As there are no established criteria for renal response in MIDD, organ response was defined using criteria used for AL amyloidosis. 16 
Statistical analysis
Values are specified as counts and percentages for categorical variables and as median with range for continuous variables, unless otherwise specified. Survival analyses were performed using the Kaplan-Meier method, and between-group comparisons were performed using the log-rank test. All statistical analyses were performed using R software version 3.5.1 (R Core Team [2018] . R Foundation for Statistical Computing, Vienna, Austria. https://www.R-project.org).
RESULTS

Clinical Features at Diagnosis
All 23 patients were diagnosed with MIDD by kidney biopsy at a median age of 51.7 years (range, 32.6À71.2 years). A total of 19 patients (83%) were male, and all patients were of white ethnicity (2 were Hispanic). At the time of diagnosis, median creatinine was 3 mg/dl (range, 0.8À12 mg/dl), median 24-hour urine protein excretion was 3 g (range, 0À22 g), and median eGFR was 22 ml/min per 1.73 m 2 (range, 4À91 ml/min per 1.73 m 2 ). In all, 22 patients had LCDD: 5 patients (22%) with lambda chain clonality and 17 (74%) with kappa chain clonality. One patient had heavy chain deposition disease with IgG3 and no LC restriction. At the time of diagnosis, 1 patient had concurrent multiple myeloma (MM) (lambda isotype), 1 patient had both chronic lymphocytic leukemia and a history of testicular cancer, and 3 additional patients had a past history of solid organ malignancies (prostate, bladder: in remission during the study period; colon: diagnosed and treated after the diagnosis of MIDD was established). Four patients had clear evidence of cardiac involvement ( Table 1) .
During the median follow up of 8.1 years (range, 0.4À25.6 years), 3 patients were lost to follow-up. Two patients (8%) were on dialysis at the time of diagnosis, and 10 more patients (43%) progressed to ESRD after a median time of 3.4 years (range, 0À9.1 years) from diagnosis. 
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Treatment Outcomes of MIDD Patients
The 1-, 5-, and 10-year renal survival from diagnosis were 77%, 48%, and 29%, respectively. Six of the 12 patients who reached ESRD underwent kidney transplantation (1 patient had 2 kidney transplants). At the end of the study period, 9 of the 23 patients (39%) were deceased. The 1-, 5-, and 10-year OS from diagnosis were 95%, 78%, and 65%, respectively. Following the diagnosis of MIDD, 8 patients (35%) received first-line treatment with high-dose melphalan/stem cell transplantation (HDM/SCT), 10 (43%) received bortezomib, 3 (13%) received oral melphalan, and 1 patient received rituximab and bendamustine for chronic lymphocytic leukemiaÀrelated LCDD. One more patient had isolated renal MIDD with no systemic evidence of plasma cell dyscrasia and did not receive any clonal targeted therapy. This patient progressed to ESRD 8.5 months after diagnosis and died after 7 years on hemodialysis while awaiting deceased donor kidney transplantation. Of the 18 patients who received first-line treatment with HDM/SCT or bortezomib, 14 (78%) achieved VGPR or better ( Figure 1 ). Of the 8 patients who underwent HDM/ SCT, as first or second line treatment, 1 required acute initiation of dialysis because of severe sepsis and acute tubular injury post-treatment and died shortly thereafter.
Of the 22 patients who received treatment, median time to achieving hematologic response after initial treatment was 0.5 year (range, 0.2À2.5 years). Eleven patients achieved CR, 4 achieved VGPR, 2 had a PR, and 5 patients did not respond or were not treated at all (NR). Altogether, 12 patients required subsequent hematologic treatment because of a lack of response to first-line therapy or disease recurrence. Three patients received second-line treatment with HDM/SCT, and 7 were treated with bortezomib-based therapy ( Figure 2 ). Of those who did not respond to first-line treatment, 1 patient died within 6 months of HDM/SCT because of progression of his disease, and another patient who was Diabetes, n (%) 4 (13) Hypertension, n (%) 11 (57) Cardiac involvement, n (%) 4 (17) treated with bortezomib followed by lenalidomide and then pomalidomide progressed to multiple myeloma and was started on daratumumab. This patient is still alive and remains on dialysis. None of the 3 patients who had initial treatment with oral melphalan had a hematologic response. One received second-line treatment with HDM/SCT, and another received bortezomib, both achieving VGPR. The third patient was treated with thalidomideÀdexamethasone with no response and died 13.7 years after diagnosis. When comparing the outcomes of patients according to type of hematologic treatment, there was a trend toward better median OS from diagnosis in patients who received HDM/SCT versus all other treatments including bortezomib (19.8 years vs. 8.25 years); however, the difference was not statistically significant (P ¼ 0.25). When combining both bortezomib and SCT/ HDM versus other treatments, the trend was similar (19.8 years vs. 13.7 years, P ¼ 0.83).
Progression-free survival from diagnosis was 8.3 years (range, 0.4À16.8 years), and was not different between patients who received first-line treatment with HDM/SCT versus all other treatments. The same is true for those who achieved a favorable hematologic response (CRþVGPR) versus those who did not (PRþNR) (data not shown). Median OS from diagnosis as well as from dialysis initiation according to initial hematologic response (CRþVGPR vs. PRþNR) was not statistically different between groups (from diagnosis 27.7 vs. 13.7 years, P ¼ 0.35; and from dialysis 20.8 vs. 14 years, P ¼ 0.55)
Renal response was achieved in only 5 patients (22%), with stabilization or improvement of renal function and a decrease of >30% in proteinuria 16 after a median time of 1 year (range, 0.9À1.2 years) from diagnosis and 11 months (range, 7.9À12 years) from treatment initiation. At last follow-up, these patients had a median creatinine of #1.9 mg/dl (eGFR $34 ml/ min per 1.73 m 2 ). Of note, all of these patients were in a CR. Renal organ response was not achieved in patients who did not achieve a CR.
Kidney Transplantation Outcomes
Six patients (26%) with MIDD underwent a total of 7 kidney transplantations over the course of 21 years (1996À2017). Graft loss because of disease recurrence occurred in only 2 patients at 4 months and 3.8 years post-transplantation. Two more grafts were lost because of patient death (11 and 13 years after renal transplantation), and 3 grafts were still functioning at the end of the study. Median age at kidney transplantation was 50 years (range, 38.7À58.4 years). Four of the 7 transplants were from deceased donors. Before kidney transplantation, 2 patients (patients 1 and 2) received only oral melphalan-based therapy. Patient 1 did not respond to treatment with oral melphalan and progressed to ESRD. He received a living related HDM/SCT (8) HDM/SCT 
NR ( 
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A Angel-Korman et al.: MIDD kidney transplant and had disease recurrence in the graft after 8.9 years. He was then treated with HDM/ SCT, achieving a VGPR that halted disease progression, and survived 11 more years after re-treatment. Patient 2 did not respond to treatment and experienced graft loss within 4 months after transplantation because of disease recurrence, was then treated with thalidomide, and died 7.5 years after kidney transplantation while on dialysis. Patients 3 and 4 received HDM/SCT. Patient 3 achieved a VGPR and is still alive with a functioning graft at 6 years after kidney transplantation. Patient 4 received his first kidney transplant with no prior hematologic treatment and lost his graft after 3.8 years because of disease recurrence. He was then treated with HDM/SCT, achieving a CR, then received a second kidney transplant and survived 13 more years but needed re-treatment with cyclophosphamide, bortezomib, and dexamethasone 9.5 years after kidney transplantation. He eventually died of metastatic renal cell carcinoma of his native kidneys, but with a transplanted kidney that was still functioning before his death. Patients 5 and 6 received bortezomib-based therapies before kidney transplantation. Patient 5 received HDM/SCT, achieving a PR. He subsequently progressed to multiple myeloma and is currently undergoing treatment with daratumumab. Patient 6 achieved a CR after treatment with bortezomibÀdexamethasone and subsequently received a repeat cycle of bortezomibÀdexamethasone because of worsening proteinuria and kidney function, achieving a CR. He underwent transplantation while in CR and is still alive with a functioning graft at last follow-up. Among patients who underwent kidney transplantation, the shortest survival from MIDD diagnosis was 13.7 and the longest was 27.8 years. Death occurred in 3 patients at 7.4, 18.8, and 20.4 years from first kidney transplantation. Three patients remain alive with functioning grafts 1.7, 2.8, and 6.5 years after kidney transplantation (Figure 3 ).
Median OS from diagnosis was significantly better for those who underwent kidney transplantation versus those who stayed on dialysis (19.8 years vs. 8.3 years, P ¼ 0.016) (Figure 4a ). Median OS from dialysis initiation was also better in the kidney transplant group; however, the difference was not statistically significant (19.3 years vs. 8.25 years, P ¼ 0.06) (Figure 4b ).
DISCUSSION
This study reports the outcomes of 23 patients with MIDD who were followed up at the Boston University Amyloidosis Center over 3 decades. During the past 15 to 20 years, the treatments for plasma cell dyscrasias, including MIDD have evolved, and the use of HDM/ SCT [17] [18] [19] and proteasome inhibitorÀbased therapies as first-line treatments has resulted in improved patient and kidney survival, especially in patients who achieve a favorable response to treatment (CR/VGPR). 4, 20 Before these newer therapies, 5-year patient survival in MIDD was 70% and 5-year kidney survival was only 37%. 5 More recent data demonstrated a higher 5-year renal survival rate of 57%. 11 In another recent study from the UK, median OS from diagnosis was 14 years and kidney survival was 5.4 years. 10 Similarly, we observed a median OS of 13.7 years and improved 1-, 5-, and 10-year patient survival rates (95%, 78%, and 65%, respectively). Despite improvement in patient survival, kidney survival is still lagging behind because of delayed diagnosis or failure of initial treatment, and many patients require dialysis initiation (12 of 23 patients, 52%). In a recent retrospective study from France, 166 patients with MIDD demonstrated a much better renal survival in patients with eGFR >30 ml/min per 1.73 m 2 at diagnosis compared with those who had eGFR <30 ml/min per 1.73 m 2 (17.4 years vs. 7.3 years, respectively). 4 In our center, patients with MIDD had median eGFR of 22 ml/min at diagnosis, and a median renal survival of 3.4 years with 1-, 5-, and 10year survival of 72%, 36%, and 21% respectively. This is partly due to the fact that diagnosis of MIDD is often delayed, 11 which allows for increased deposition of light or heavy chains in the renal parenchyma over time, ultimately leading to significant fibrosis of the kidneys and therefore diminished organ response. As there are no established criteria for renal response in MIDD, we considered renal responses based on established and validated criteria developed for AL amyloidosis as has been previously reported. 11 In our cohort, most of the patients had advanced chronic kidney disease at presentation, and as a result we observed a low incidence of renal organ response (22%). Notably, renal organ response was demonstrated only in patients who achieved CR after treatment and had better renal parameters at presentation (serum creatinine #3.1 mg/dl or eGFR $21). The 5 patients with renal response had a creatinine of 3.1, 2.9, 2.3, 1.3, and 0.8 mg/dl at diagnosis. Similarly, in the study by Sayed et al., there was improvement in GFR among the patients who achieved a hematologic CR/ VGPR at 6 months after treatment compared with GFR loss in patients who achieved only PR or NR. 10 A recent study from France also showed better renal survival in patients achieving a favorable hematologic response (CR/VGPR). 4 We did observe a trend toward better survival from diagnosis or dialysis initiation in patients who received HDM/SCT versus all other treatments including bortezomib; however, the difference was not statistically significant, likely because of the small number of patients. The same is true for HDM/SCT or bortezomib versus all other treatments and for achieving CR/VGPR versus PR/NR. The benefit of HDM/SCT and bortezomib was more clearly demonstrated in a study by Kourelis et al., in which patients treated with either of these 2 modalities were more likely to achieve CR/ VGPR and to have better renal survival. 11 Reports of kidney transplantation outcomes in MIDD patients are very scarce because of the rarity of this disease and the hesitation of physicians to refer these patients for kidney transplantation (Table 2) . 4, [10] [11] [12] In a study of 7 patients from Mayo Clinic published in 2004, the authors concluded that kidney transplantation should not be performed in MIDD patients, given the short graft survival in their cohort. 12 The patients in this study were diagnosed before the routine use of HDM/SCT in MIDD and newer plasma cellÀdirected agents that led to the improved outcomes that we have been observing in the last 2 decades. Indeed, a later study from 2016 published by the same group reported outcomes of 88 patients with MIDD. In all, 61% of patients received HDM/SCT or proteasome inhibitorÀbased therapies, and those patients were more likely to achieve CR/VGPR. Nine patients in this cohort underwent kidney transplantation, 7 with CR after hematologic treatment (5 treated with HDM/SCT, 2 with proteasome inhibitors), and only 1 of them had hematologic and renal progression 9 years after kidney transplantation. Graft survival was not reported; however, the remaining 6 patients had hematologic progression at various points, were initiated on plasma cellÀdirected therapy with good hematologic response, and had no reported renal progression at last follow-up (median time of last follow-up not indicated). 11 Not surprisingly, the 2 patients who lost their grafts because of disease recurrence had no response to chemotherapy or no treatment before their kidney transplantation. In our cohort of 6 patients who underwent 7 renal transplantations, the shortest graft survivals were 4 months and 3.8 years; yet, again, both were in patients who did not respond to treatment or were not treated before kidney transplantation (patients 2 and 4, respectively). In another cohort of 53 patients with LCDD, 7 patients underwent kidney transplantation with 3 graft losses: 2 because of LCDD recurrence in the graft after 1.6 and 1.9 years (no salvage therapy was given) and 1 because of rejection secondary to noncompliance with immunosuppressive medications. 10 In our cohort, no graft was lost because 4 In our cohort, the OS of patients who progressed to ESRD and underwent kidney transplantation was significantly better than that in patients with ESRD who did not have kidney transplantation (Figure 4 ), likely partially related to selection bias. Of note, LC are cleared by the kidneys, and, as a result, when advanced chronic kidney disease or ESRD is present, the levels increase because of decreased renal clearance. Consequently, hematologic response to treatment cannot be accurately evaluated, as that status is based partly on serum free LC levels. In these cases, elevated free LC levels might lead to bias toward a worse hematologic response.
Recently, newer methods for evaluation of hematologic response such as flow cytometry and nextgeneration gene sequencing used primarily in multiple myeloma have enabled detection of malignant clones that are undetectable by standard methods. 21, 22 These clones are defined as minimal residual disease, and their presence in patients with multiple myeloma and AL amyloidosis was associated with inferior disease-free and overall survival. 21, 22 When used in patients with AL amyloidosis, next-generation flow cytometry revealed that 45% to 60% of those previously classified as CR were in fact minimal residual disease positive, and in those cases continued amyloid deposition in the kidney might still be possible, leading to worsening renal parameters. Using these newer methods for diagnosis of minimal residual disease in MIDD has not been done routinely, and their implications are currently unknown in this disease; however, having a more accurate way of assessing the presence of monoclonal LC production could potentially aid in better selection of patients for successful kidney transplantation or for early treatment.
The retrospective nature of this study as well as the relatively small number of patients are limitations of this study. The small number of patients likely made it difficult to show statistical significance in multiple analyses. In addition, there was no racial diversity in our cohort, perhaps representing underdiagnosis of MIDD in individuals of other races or ethnicities. The choice of hematologic treatment and kidney transplantation were physician and patient dependent and likely contributed to selection bias. Despite these shortcomings, our data along with recently published data from the Mayo Clinic, the United Kingdom, and France 4,10,11 support the notion that kidney transplantation can have good outcomes in selected patients with MIDD who respond to hematologic treatment ( Table 2) .
In summary, our study as well as other recently published studies show that recent improvements in treatments for plasma cell dyscrasias have allowed more patients to achieve a CR or VGPR and to have sustained hematologic response. These robust hematologic responses have led to longer patient and graft survival after kidney transplantation. Clearly, more data regarding the outcomes of MIDD patients are needed; however, in concordance with our recent conclusions regarding AL amyloidosis patients, 13 we recommend that patients with MIDD who reach ESRD and have a favorable response to hematologic treatments, such as a CR or VGPR, be considered for kidney transplantation.
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